Abstract
Introduction
Asthma is a chronic respiratory disease characterized by reversible periodic airway obstructions initiated by certain exposures, including environmental hazards (1) . The disease is becoming increasingly prevalent in the United States, particularly among children and certain minority groups. More than 25 million people are currently diagnosed with the disease, including 6.5 million children younger than 18 (2) . Although no cure for asthma is available, symptoms can be controlled with appropriate medical treatment, self-management, and education, and by avoiding exposure to environmental allergens and irritants that can trigger an attack (1) .
Asthma in the United States costs $56 billion annually for direct health care expenditures and indirect costs such as lost productivity (3) . In 2009, asthma resulted in approximately 480,000 hospitalizations, 1.9 million emergency department (ED) visits, and nearly 9 million doctors' office visits (4) . As the third leading cause of hospitalization among children younger than 15, asthma is associated with increased ED visits (5) . Additionally, studies have reported a higher rate of health care use among children insured by Medicaid compared with children insured by other health insurance programs (6) .
Despite increased attention on asthma prevention and advances in diagnosis and treatment, childhood asthma prevalence in the United States has increased from 8.7% in 2001 to 9.5% in 2011 (7) . Having a clinical care system that focuses on improving asthma management before cases become acute is essential. However, given the complexity of the disease, a comprehensive, community-based approach to educate and assist children with asthma outside of traditional clinical settings may be beneficial.
Asthma education programs provided in nontraditional settings, for example, in homes, can reinforce selfmanagement education and treatment by reaching children and parents where they live. These evaluated programs follow the National Asthma Education and Prevention Program evidence-based guidelines (1) that emphasize the need for asthma education at all points of care. Some studies have demonstrated that asthma home visitation programs may improve asthma management, reduce the number of missed school and work days, decrease allergens in the home, reduce urgent care use, and lessen caregiver stress (8, 9) . Furthermore, in its systematic review of research, the Community Preventive Services Task Force found that home-based interventions with an environmental focus improve the overall quality of life and productivity in children with asthma (10).
Despite the significant burden of pediatric asthma ED visits, we were unable to find comprehensive estimates of Medicaid and Children's Health Insurance Program (CHIP) costs at the state level. We analyzed the cost of pediatric asthma ED visits, which are primarily paid for by Medicaid or CHIP at a state level. We then highlighted an opportunity for states to reduce asthma costs borne by their Medicaid programs because of a recent change to a Centers for Medicare and Medicaid Services (CMS) regulation. The rule change allows Medicaid to reimburse nontraditional health care providers for providing asthma prevention services in nontraditional settings.
Methods
Because data on pediatric asthma ED visits were not available for all states, we constructed a "second-best" approximation by using multiple sources of data that may not have included data from the same years. We chose the most recent data from each source to derive an estimate for a single year. We initially estimated the number of ED visits made by children aged 0 to 17 years where asthma was listed as one of the reasons for the visit and Medicaid or CHIP was the primary payer for the visit. For this part of the analysis, we used data from the National Hospital Ambulatory Medical Care Survey Emergency Department (NHAMCS-ED) survey.
The NHAMCS-ED is a national survey that collects information on the delivery and use of emergency care services at noninstitutional, general, and short-stay hospitals, excluding federal government facilities such as Veteran's Administration hospitals and military hospitals in the states and the District of Columbia. This multistage design survey collects data on randomly selected patient records during a 4-week sampling period (11) .
To analyze all ED visits for asthma by children younger than 18, we searched hospital records for International Classification of Diseases, 9th revision (ICD-9) codes to estimate the total visits in 2010. Each visit record contained up to 3 ICD-9 codes that contributed to the reason for the visit. We searched for the asthma code of 493.xx and its subcategories (493-493.92) among these 3 ICD-9 diagnosis codes. We further limited our search to visits for which Medicaid or CHIP was the primary payer. We considered all ED visits with any diagnosis of asthma, regardless of whether the patient was discharged home or admitted to the hospital.
State-by-state asthma prevalence data were obtained from the National Survey of Children's Health (NSCH), 2012. This survey was sponsored by the Maternal and Child Health Bureau; the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC) oversaw the sampling. Data were collected by using the State and Local Area Integrated Telephone Survey (developed by NCHS) to randomly sample families from all 50 states and the District of Columbia. A total of 95,677 surveys were completed nationally for children aged 0 to 17 years, and a minimum of 1,800 surveys were collected for each state (12) .
We used CMS enrollment data to determine the total number of children enrolled in state Medicaid/CHIP programs for each state. We obtained state-by-state enrollment data for children enrolled in Medicaid and CHIP in 2010 from the Kaiser Family Foundation website. The data provided in this report were available only for children aged 0 to 18 (13) . We multiplied state enrollment data by the prevalence data for each state to estimate the total number of children with asthma covered by Medicaid or CHIP. This data source did contain enrollment data on children aged 18, which is 1 year older than the age range of 0 to 17 years for all other data sources used in these analyses. We were not able to adjust this number.
State estimates for the number of asthma ED visits for children younger than 18 were estimated by taking the total number of ED visits nationally (estimated by the NHAMCS-ED) and apportioning the visits to the states based on estimates of the number of Medicaid/CHIP enrollees with asthma in the state. For example, if a state covered 100,000 children under Medicaid/CHIP and had an asthma prevalence rate of 7%, we estimated that approximately 7,000 (100,000 × 7%) children with asthma were covered by Medicaid/CHIP in that state. If these 7,000 children represented 5% of all children with asthma covered nationally by Medicaid/CHIP, then we assumed that this state had 5% of all childhood asthma ED visits nationally.
We used Marketscan data to estimate the cost for pediatric asthma ED visits and subsequent hospitalizations. Costs for ED asthma visits and hospitalizations were obtained from the Marketscan Medicaid 2011 data set (the most recent year available). The Marketscan data set contains a convenience sample of claims data for Medicaid participants of 11 unnamed states (14) . We estimated costs by identifying children younger than 18 who were treated in the ED with asthma as either the primary diagnosis or 1 of 3 secondary diagnoses. Cost estimates were limited to cases where Medicaid was the expected payer, and the patient was enrolled in a noncapitated plan.
Results
According to NHAMCS-ED data, Medicaid/CHIP enrollees younger than 18 made an estimated 628,759 asthmarelated ED visits in 2010. Using the Marketscan Medicaid database, we estimated that the average cost per visit was $433. Given these estimates, pediatric asthma-related ED visits cost the Medicaid/CHIP programs a combined $272,453,850 in 2010.
Seven states (California, Florida, Georgia, Illinois, New York, Pennsylvania, and Texas) are estimated to have spent more than $10 million each in 2010 on asthma-related visits for this population (Figure , Table) . California has a low prevalence of asthma (6.5%) but the highest cost because it covers a large number of enrollees. Other states, such as New York (10.5%) and Pennsylvania (10.9%), have higher prevalence than states of similar size, which contribute to higher asthma costs. For perspective, if the prevalence in New York had been the same as California's, New York would have had 16,665 fewer asthma-related ED visits for this population and saved $7.2 million in 2010. We estimated that 36 states had Medicaid/CHIP costs ranging from $1 million to $10 million for asthma-related pediatric ED visits. Among these states, Delaware, Alabama, Tennessee, Oklahoma, Mississippi, Kentucky, Connecticut, Rhode Island, Missouri, Massachusetts, and Louisiana had asthma prevalence above 10%. If a high-prevalence state such as Alabama (11.8%) had the same prevalence as Washington State (5.6%), Alabama could have eliminated about 6,763 ED visits for this population and saved $2.9 million in 2010.
Seven states and the District of Columbia had estimated Medicaid/CHIP costs under $1 million for asthma-related pediatric ED visits. Five (North Dakota, Montana, Alaska, South Dakota, and Wyoming) had low asthma prevalence (<8%) and fewer enrollees compared with other states. In contrast, the District of Columbia had a high asthma prevalence of 15.5%, and Vermont had an asthma prevalence of 8.6%. If the asthma prevalence for Vermont equaled that for South Dakota, Vermont could have eliminated 398 ED visits for this population and saved $172,602 in 2010 (Figure , Table) .
Discussion
Our analysis estimated that state Medicaid programs combined spent in excess of $272 million on pediatric asthmarelated ED visits in the United States in 2010. These results supplement data presented in the CDC Chronic Disease Calculator that provides estimates of the overall costs of asthma to states. Our data focuses specifically on pediatric ED visits, which are only a small portion of total asthma costs (15) .
This research addresses a gap in the literature pertaining to Medicaid expenditures associated with pediatric asthma ED visits, costs that can be reduced through increased access to evidence-based interventions, including those provided in the home. To our knowledge, these estimates are the first of their type and could help state Medicaid directors and policy makers determine policy options for reducing costs of pediatric asthma.
Expanded coverage into nontraditional settings resulting in an uptake of preventive services could reduce asthma prevalence and asthma health disparities. Further research will better quantify whether reduced asthma-related costs result from nontraditional providers delivering services in home-based settings.
Home-based interventions can show a return on investment. The Community Preventive Services Task Force documented studies that demonstrated savings ranging from $5.30 to $14 for every dollar invested in home-based asthma interventions focused on children and adolescents. Community-based asthma interventions, including those provided in the home, help children proactively mitigate asthma triggers and help them manage asthma symptoms throughout their daily routines (16) . A study of Boston's Community Asthma Initiative (CAI) indicated that the program involving 283 children -which included home-based asthma education and other asthma services provided by community health workers -improved health outcomes and reduced ED visits, hospital admissions, missed school days, and parent work days (17) . A related analysis found that "investments in a community asthma case management program can lead to large returns from the cost savings generated by the program" and that the CAI program was paying for itself within 2 years of implementation and was demonstrating cost savings after 3 years (18).
Innovative research projects being conducted by the New England Asthma Innovations Collaborative and funded by the Centers for Medicare and Medicaid Innovation (CMMI) are focusing on service delivery and payment systems for asthma. Those projects may also contribute to the evidence base for providing and paying for services that prevent asthma. That project is novel in exploring the spectrum of asthma preventive services in various settings, which are provided by both nonclinicians and clinicians and paid for by public or private insurance plans (19). Additional innovative projects would help us understand how payment mechanisms can influence health outcomes.
Effective January 1, 2014, CMS implemented an updated regulation (42 CFR section 440.130) regarding which providers can be reimbursed for providing preventive services to Medicaid and CHIP beneficiaries. Prior to January 1, 2014, the regulation limited the coverage of preventable services to those that were actually provided by a physician or other licensed practitioner. As a result, some state Medicaid programs limited their coverage of preventive services to those furnished by licensed providers in a clinical setting. The regulation subsequently limited access to services and evidence-based interventions in homes and other community settings for Medicaid beneficiaries. In the final rule, CMS updated the regulation to allow state Medicaid programs to reimburse for preventive services provided by professionals such as community health workers or asthma educators so long as the service was initially recommended by a physician or other licensed practitioner (20) . This change adds more flexibility to the Medicaid regulation that already allows states discretion over the setting in which care is provided. Thus, this final rule change on provider qualification, in combination with existing flexibility for states to define practice setting, can allow states to reimburse for asthma interventions that use nontraditional providers in a nonclinical setting.
Our estimates of asthma-related state ED visits covered by Medicaid and CHIP are subject to several limitations. One limitation is the different definition of "child" in different data sets used for our analysis. NSCH defines a child as being younger than 18 years, whereas our estimates of child enrollment in state Medicaid/CHIP programs include 18-yearolds. Provided that the proportion of 18-year-old enrollees relative to the number of total childhood enrollees is similar between states, our estimates are unbiased. If a particular state has a larger number of 18-year-olds, the burden estimate for that state will be overestimated, and the burden estimate for other states will be underestimated. Our estimates also assume that the ED visit rate per childhood asthma enrollee is constant among states. If the ED visit rate is lower in a particular state, then that state's burden will be overestimated by our methods and other states' burden would be underestimated.
Another limitation is that we identified our sample of visits by including the ICD code of 493.xx in any of the 3 possible codes related to the visit. Our approach may overestimate the numbers of visits directly caused by asthma. However, asthma was listed as a contributing factor to the visit. The clinician may also use a different ICD code such as 466.19 for bronchitis before he or she actually determines the underlying cause of the condition. Therefore, these analyses would not include visits that include diagnoses that are related to asthma. These analyses focused on diagnosed asthma.
Finally, our cost estimates are based on the Marketscan Medicaid data set for 2011. This data set contains claims data for Medicaid enrollees in 11 unidentified participating states. Although the average cost for an asthma-related ED visit (and subsequent hospitalizations) is $433 for these states, individual states may have higher or lower asthma treatment costs because Medicaid payment rates vary by state and provider type (21) . According to a 2009 report by New York State, the average cost to Medicaid managed care enrollees for an asthma-related ED visit in 2007 was $243 (22) . Therefore, we believe that the estimate taken from the 2011 Marketscan data is not out of reason. Furthermore, this estimate accounts for only the actual reimbursement by Medicaid for the ED visit, which is typically lower than reimbursements by other payers as well as lower than actual costs.
This analysis provides state-based estimates of costs for pediatric ED visits and brings attention to how much states are spending for this preventable condition. The CMS rule change described in this article may help states reduce costs of asthma treatment and at the same time reduce the severity of this condition through better management. Reduced costs for treating asthma may improve the overall quality of life and productivity for children and adolescents by improving asthma symptoms and reducing the number of school days missed due to asthma. We believe that the information presented here, despite its limitations, can be useful to policy makers in assessing options for decreasing Medicaid costs of asthma. Childhood asthma prevalence is the weighted average of each state's asthma prevalence total weighted by the number of covered children in the state and is not a nationally representative prevalence estimate.
These estimates have been rounded to the nearest $1,000.
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